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Àííîòàöèÿ
The quantum osillator in the thermostat is onsidered as the mod-
el of an open quantum system. Our analysis will be heavily founded on
the use of the Shroedinger generalized unertainties relations (SUR).
Our first aim is to demonstrate that for the quantum osillator the
state of thermal equilibrium belongs to the orrelated oherent states
(CCS), whih imply the saturation of SUR at any temperature. The
obtained results open the perspetive for the searh of some statis-
tial theory, whih unifies the elements of quantum mehanis and
GDT; this in turn will give the foundation for the modifiation of the
standard thermodynamis.
In the last deades the interest to the thermodynamis of open quantum
systems raised greatly. To the number of these objets one should, e.g., at-
tribute nano-objets in the onditions of ultra-low temperatures, the objets,
revealing marosopi quantum phenomena and the effets of Casimir and
Unruh as well as quark-gluon plasma, models of early Universe and so on.
Firstly, in these systems the signifiant role play the flutuations of on-
jugated physial quantities and orrelations between them. Further, there
arises the neessity of simultaneous aount for the quantum and thermal
flutuations, whih are determined by the fundamental onstants ~ and kB .
However, no onsistent theory for the desription of suh kind of objets
exists at the moment. For many years on this role was quite reasonable
∗
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pretended by the statistial mehanis Gibbs - von Neumann and the ther-
modynamis founded on it. But this approah appeared to be not always
effetive for the desription of the open quantum systems. First of all, it
was not possible within this approah to alulate aurately the Beken-
stein - Hawking entropy for the blak holes. Finally it has brought to the
pessimisti onlusion: "The thermodynamis of the blak holes gives some
weighty arguments in favor of the far-reahing non-adequay even of the gen-
erally aepted understanding of the sense of matter's "ordinary entropy"[1℄.
On the authoritative onferene "Quantum limits of the Seond Law"[2℄ was
quite seriously raised the problem about the neessity of orretion of ther-
modynamis laws - espeially of the seond and third ones - in the diretion
of signifiant aount for the quantum effets. In partiular, for the long time
there are onsiderable doubts in the validity of the Third Law; the known
form of this law follows from the statistial mehanis, aording to whih
S → 0 as T → 0 for any objets.
The above arguments ompel to searh for the solution of problems of this
kind some replaement for the traditional statistial mehanis. For many
years in the physiist's publi opinion there was formed the firm onvition
that this approah is almost unique way of statistial desription of nature;
however, this is far from being orret. Even Lorenz [3℄ in his letures meant
the statistial theories in plural number; the same was written by Born [4℄
in onnetion with Einstein's works.
Fenyes [5℄ was the first who showed onviningly that there exist an-
other statistial theories, whih are prinipally different from the statistial
mehanis. On the one hand, this is the traditional quantum mehanis and
it's version in the form of the Nelson's stohasti mehanis [6℄, on the other
hand - the generalized diffusion theory (GDT), founded on the Einstein -
Fokker - Plank equation [7-9℄; the last theory inludes the theory of Brown-
ian motion founded as long as Einstein [10℄. At present time these theories
are different from one another; moreover, every of these theories is, in turn,
qualitatively different from the statistial mehanis. On the other hand,
these theories are oneptually related to one another due to the signifiant
role of flutuations (and their orrelations) between the onjugated physial
quantities.
In this report we onsider the quantum osillator in the thermostat as
the model of an open quantum system. Our analysis will be heavily founded
on the use of the Shroedinger generalized unertainties relations (SUR) [11℄,
whih are valid in both theories meant above. Our first aim is to demonstrate
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that for the quantum osillator the state of thermal equilibrium belongs to
the orrelated oherent states (CCS), whih imply the saturation of SUR at
any temperature. The obtained results open the perspetive for the searh
of some statistial theory, whih unifies the elements of quantum mehanis
and GDT; this in turn will give the foundation for the modifiation of the
standard thermodynamis.
In order to realize the fundamental ause of the qualitative differene
between the statistial mehanis and GDT it is suffiient to onsider the
lassial osillator in the thermostat. In this ase the Maxwell - Boltzmann
distribution funtion in the phase spae is of the form [12℄:
fM−B(q, p) =
1
2pi∆q∆p
exp {−
q2
2∆q2
−
p2
2∆p2
} = fB(q)fM(p), (1)
where
∆q2 =
kBT
mω20
; ∆p2 = mkBT. (2)
Due to the multipliative form of the funtion fM−B(q, p) the orrelator
of onjugated variables q and p
σqp ≡ (∆q∆p) = 0. (3)
From the Eq. (3) it follows that the SUR [13℄ at T 6= 0 is of the form of
strong inequality
∆p∆q ≡
kBT
ω0
> σqp = 0. (4)
.
At the same time due to Smoluhowski [14℄ (see also [15℄) in GTD the
density of the distribution in oordinate, or onfiguration, spae (in the ape-
riodi regime at t≫ τ ) equals
ρ(q, t) =
1√
2pi∆q2
exp{−
q2
2∆q2
}, (5)
3
where
∆q2 =
Ddif
ω0
(1− exp{−2Q2t/τ}); Q = ω0τ ; 0 6 Q 6 1/2; (6)
Ddif =
kB
mω0
. (7)
.
As is well known, in the theory of Brownian motion the definition of the
moment of the individual partile p = mq˙ , aepted in statistial mehanis,
is invalid. Thus following Furth [16℄ and Fenyes [5℄ as a moment onjugated
to the random oordinate q is by definition aepted the moment of the
partiles' flow (at vmacro = 0 )
p ≡ mvdif = m
jdif
ρ
=
m
ρ
(−Ddif
∂ρ
∂q
) = mDdif
q
∆q2
. (8)
.
To the state of the thermal equilibrium there orresponds the limit t→∞
at Q 6= 0 , when
∆q2 =
Ddif
ω0
. (9)
In the same state
∆p2 = (mDdif )
2
∆q2
(∆q2)2
= m2ω0Ddif ; (10)
σqp = ∆q∆p = m
∫
dq qjdif (q) = mDdif . (11)
It follows from here that SUR in GTD are of the form of equality
∆p∆q ≡
kBT
ω0
= σqp ≡ mDdif =
kBT
ω0
. (12)
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This denotes that the state, desribed by the funtion ρ(q, t) of the form
(5) at Q 6= 0 and t → ∞ is the CCS state. Note that for the free Brownian
partile when ω0 = 0, one obtains the analogous result, but ω0 should be
replaed by 1/τ [16℄.
It is not diffiult to note that the expressions for ∆q2 and ∆p2 in the
state of thermal equilibrium (and hene the left-hand sides of SUR in both
statistial theories onsidered above) oinide. Aordingly oinide in form
also the limiting funtion ρ(q) and it's Fourier-transform ρ(p) with the fun-
tions fB(q) and fM(p) . However the expressions for the orrelators σqp and
thus the right-hand sides of SUR in them are qualitatively different.
From these arguments there follow some important onlusions:
-statistial mehanis differs from GTD in the definition of the onjugated
moment. In the former theory p and q are independent, whereas in the latter
- dependent ones;
- the anellation of the quantity σqp in the statistial mehanis means that
in this theory the diffusion is fully negleted (Ddif = 0 );
- in turn, this means that in the statistial mehanis there is not aounted
for the diffusion flow jdif , aused by the non-uniform oordinate distribution
whih is brought about due to presene of the flutuations (∆q2 6= 0 ).
In other words, the statistial mehanis doesn't give the onseutive
desription of the Nature, where three seond-order moments ∆p2 , ∆q2 and
σqp would be onsidered at the same rights.
In order to more onvenient omparison with the lassial variants of
the theories let us use as the version of quantum mehanis the Nelson's
stohasti mehanis; aordingly, in quantum statistis we will go out from
the Wigner funtion [17℄. Aording to Nelson, with the wave funtion in
oordinate representation φ(q) =
√
ρ(q) exp{iϕ(q)} one may assoiate two
veloities defined by the gradients of the phase ϕ(q) and density ρ(q) in the
following way:
vqu =
~
m
∂ϕ
∂q
= 2Dqu
∂ϕ
∂q
; uqu = −Dqu
1
ρ
∂ρ
∂q
, (13)
where Dqu ≡
~
2m
is usually alled quantum diffusion oeffiient. From these
two quantities just the vqu enters the ontinuity equation, so physially this
quantity is related to the veloity vdif in GDT. Taken formally, the veloity
vdif is more similar to the quantity uqu , but atually the former is a truly
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quantum quantity, onneted with the non-ommutativity of the operators
p̂ and q˜ .
Further analysis is founded on the fat that as a onjugated moment is
introdued (by definition) [13℄ the omplex quantity P˜ , whih ombines the
ontributions of both veloities of the form (13)
P˜ ≡ m(vqu + iuqu). (14)
Then
∆p2 = |∆P˜ 2| = (mvqu)2 + (muqu)2; (15)
[
| R˜qp |
]2
= σ2qp + c
2
qp = m
2
{
[qvqu]
2 + [ququ]
2
}
. (16)
Here σqp and cqp are the ontributions of antiommutator and of om-
mutator of the operators q̂ and p̂ aordingly (in the sopes of traditional
quantum mehanis), whereas R˜qp is the generalized omplex orrelator en-
tering the right-hand side of SUR [13℄.
For the quantum osillator in CCS the wave funtion is of the form [13℄
ψ(q) =
1
(2pi∆q2)1/4
exp{−
q2
4∆q2
(1− iα)}, (17)
where α is the parameter fixing the partiular CCS. In aordane with the
Eqs. (14) and (13) it holds for this state
P˜ =
mq
∆q2
(Dquα) + i
mq
∆q2
Dqu. (18)
For the osillator the ontribution into vqu from the motion of the wave
paket is absent; orrespondingly,
[
| R˜qp |
]2
= m2[(Dquα)
2 +D2qu]. (19)
Using further Eqs. (15) and (18), we obtain as a SUR the equality; indeed,
as was awaited for CCS, the given form of SUR is saturated:
∆p2∆q2 =
[
| R˜qp |
]2
= m2D2qu(α
2 + 1). (20)
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Reall, that in the ground state (when CCS goes over into CS) the parameter
α = 0 , so that
∆q2 =
Dqu
ω0
; ∆p2 = m2ω0Dqu;
σqp = 0; |R˜qp| = cqp = mDqu =
~
2
. (21)
Thus, as onerns the form of SUR, the osillator in quantum mehanis
appears to be analogous on the lassial osillator in GDT when t≫ τ . All
the differene onsists in the fat that the right-hand side of SUR in the se-
ond ase is ensured exlusively on aount of σqp whereas in the seond ase
this goal is ahieved only by means of both ontributions  σqp as well as cqp
. In fat, this signifies that in quantum mehanis as well as in GDT the on-
jugated quantities  oordinate and momentum  are mutually dependent.
In this ase the differene is only that this dependene in terms σqp appears
always in expliit form. On the other hand, in the term cqp in the tradition-
al formulation of quantum mehanis this mutual dependene is impliit: it
beomes expliit only in the framework of the statistial mehanis.
The analysis arried above has shown that the aepted definitions of the
onjugated momenta lead to the following results:
Classial GDT Quantum Meh. in CS Quantum Meh. in CCS
(T ≫ 0) (T = 0) (T > 0)
∆p2∆q2 = (mDdif )
2 ∆p2∆q2 = (mDqu)
2 ∆p2∆q2 = (mDqu)
2(α2 + 1)
Thus we obtain two limiting ases (T → 0 and high T ) and also the
struture of the general expression for the right-hand side of SUR for the
osillator in CCS. The problem is to find suh an expression for the parameter
α whih would orrespond to the quantum osillator in the state of thermal
equilibrium at any values of T .
In order to solve this problem we use the flutuation - dissipation theo-
rem (FDT) following from most basi priniples of quantum and statistial
physis [12℄. Applying this theorem to the oordinate flutuations we obtain
for it's dispersion the following expression:
∆q2 =
1
2pi
∞∫
−∞
α
′′
(ω)
(
~
2
coth
~ω
2kBT
)
dω. (22)
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Let us emphasize that the funtion coth ~ω
2KBT
entering Eq. (22) does not
only belong to any speifi osillator but is a universal funtion for any
systems and, moreover, for flutuations of any physial quantities in these
systems. All the speifi information about the onrete system is ontained
in the imaginary part of the generalized suseptibility α
′′
(ω).
Let us define the generalized diffusion oeffiient as follows:
Dgen ≡ Dqu coth
Dqu
Ddif
=
√
D2term +D
2
qu. (23)
This quantity haraterizises the diffusion flow due to the non-uniformity in
the oordinate distribution, whih arises on aount of the quantum as well
as the thermal effets. Here
Dterm ≡
Dqu
sinh Dqu
Ddif
(24)
is the thermal part of the generalized oeffiient Dgen , depending both upon
~ and kB , while at T → 0 the oeffiient Dterm → 0 , whereas at high T the
oeffiient Dterm → Ddif has the form (7). On aount of the definition (23)
FDT for the flutuation of the oordinate may be presented in the form
∆q2 =
1
2pi
∞∫
−∞
α
′′
(ω)mDgen(ω)dω (25)
whih emphasizes the rigid onnetion between the harateristi of flutu-
ation ∆q2 and the generalized diffusion oeffiient Dgen . For the osillator
with weak damping
α
′′
=
1
|γ˜|
δ(ω − ωeff) =
1
mω
δ(ω − ωeff) (26)
where ωeff =
√
ω20 + 1/τ
2 ≈ ω0 , so as ∆q
2 = Dgen/ω0 what obviously
generalizes Eqs. (2) and (9). Note that in reverse limit 1/τ ≫ ω0 from Eqs.
(25) and (26) follows the well known Einstein relation for the free Brownian
partile
The problem of quantum osillator in the framework of statistial me-
hanis was firstly solved by Bloh [18℄; later on the original solutions of this
problem were also found by Landau and Lifshitz [12℄, Leontovih [19℄ and
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Feynman [20℄. In sake of simpliity let us use the Wigner funtion obtained
on he grounds of the Gibbs' density operator:
ρ̂G =
exp{−Ĥ/kBT}
Sp
(
exp{−Ĥ/kBT}
)
(27)
with the operator Ĥ = p̂
2
2m
+
mω2
0
q2
2
for the ase of osillator
W (q, p) =
1
2pi∆q∆q
exp {−
q2
2∆q2
−
p2
2∆p2
}, (28)
where
∆q2 =
Dgen
ω0
; ∆p2 = m2ω0Dgen. (29)
Note that the expression (28) reminds in form the Maxwell - Boltzmann
distribution with the substitution of Ddif for Dgen in Eq. (29). In analogy
with the Eq. (1) from the Eq. (28) it follows that
ρ(q) =
1√
2pi∆q2
exp
{
−
q2
2∆q2
}
; ρ(p) =
1√
2pi∆p2
exp
{
−
p2
2∆p2
}
. (30)
As is well known, the limiting expressions for these quantities at T → 0 or
T ≫ 0 go over aordingly into the probability densities of osillator's ground
state in q- or p- representations, or in the Boltzmann fB(q) or Maxwell fM(p)
distribution funtions.
It is easily seen that due to the multipliativity of the Wigner funtion
in this ase one has σqp = 0 . That's why at the arbitrary temperature in the
framework of quantum statistial mehanis SUR for the osillator obtains
the form
∆p2∆q2 ≡ (mDgen)
2
>
[
| R˜qp |
]2
= c2qp =
~
2
4
. (31)
The equality sign is only ahieved here at T = 0 ; in the ase of T 6= 0
just as in lassial statistial mehanis SUR (31) has the form of the strong
inequality
∆p∆q >
~
2
. (32)
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This means that for the osillator in the thermostat the single distintion
in the desriptions in the frameworks both of the quantum and the lassial
statistial mehanis is onneted with the aount for the hidden mutual de-
pendene between the onjugated oordinate and momenta. This dependene
is brought about by the non-ommutativity of the operators of orrespond-
ing variables whih lead to the presene of the quantum flutuations ∆q2
, haraterizing the osillator's ground state. However, the aount for the
mutually depending thermal and quantum flutuations of the oordinate,
whih take plae outside of the ground state, is absent both in quantum and
lassial forms of statistial mehanis.
The arguments presented above lead to the onlusion, that for the ade-
quate desription of the quantum osillator in the thermostat the quantum
statistial mehanis is to a large extent invalid. One should hoie another
variant of the theory, whih allows to aount simultaneously for quantum
and thermal effets and uses for this goal the earlier obtained generalized dif-
fusion oeffiient Dgen of the form (23). It seems that arising diffiulties are
the result of the non-onsequent aount for the influene of the thermostat
on the osillator, namely of the infinite degrees of freedom by the thermostat.
This remark make us arrive to the notion to go over to the desription
of the onsidered open quantum system in the framework of the quantum
field theory at finite temperatures (this theory is now rather atively used in
many appliations).
There exist two most elaborated versions of this theory:
- - the version, founded on the temperature Green funtions and the imagi-
nary time (Matsubara [21℄);
- - the version, founded on the Thermo Field Dynamis (TFD) with the real
time (Araki [22℄, Umezawa [23, 24℄).
The first of these versions was espeially popular thus far; however, it is
not suited for the use of ausal Green funtions whih form the foundation
of the quantum field theory at T = 0, what prevents the uniform desrip-
tion of physial phenomena at arbitrary temperatures. Besides this formal
irumstane the TFD is of interest beause it is largely founded on the
three fundamental ideas of Bogoluybov - namely, his (u, v)-transformation,
method of quasiaverages and the desription of the spontaneous violation of
symmetry.
The main physial idea of TFD onsists in the following: the plaing
of the system in the thermostat (or, more preisely, bringing them in the
state of the thermal ontat with one another) is effetively equivalent to
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the doubling of the system's degrees of freedom, whih in turn leads to the
removal of the degeneration of the system. The influene of the thermostat
manifests itself in the fat that instead of one way there arise effetively two
independent ways of the absorbtion of the external energy by the system.
These two ways are the following ones: the first is the ordinary appearane
of the exitation of new quanta of energy, while the seond is the disappear-
ane of the vaanies, whih were "indued"in the system's spetrum under
the influene of the thermostat at T 6= 0. In this ase both annihilation a˜ and
reation a˜+ operators perform two independent operations (instead of one at
T = 0), so these operators may be represented by the linear ombination of
another operators bi, b
+
j (i, j = 1, 2):
a˜ = ub1 + vb
+
2 ; a˜
+ = u∗b+1 + v
∗b+2 (33)
with | u |2 − | v |2= 1 . This ombination is the typial Bogoluybov (u, v)-
transformation, where
u = cosh τ exp(iϕ); v = sinh τ exp(−iϕ) (34)
at 0 6 τ <∞,−pi 6 ϕ 6 pi
The operators bi, b
+
i haraterize the original partiles and at in Fok
spae with the vauum | 0 > . The operators a˜+ and a˜ haraterize the
quasipartiles and at in another Fok spae with the vauum |0〉〉 whih is
temperature dependent and possess the property a˜|0〉〉 = 0 . The vetor |0〉〉
is orthogonal to all vetors of the original Fok spae and so it doesn't belong
to this spae. In other words, the transformation (33) is the anonial one,
but in this ase it leads to the unitary non-equivalent representation of the
anonial ommutation rules (CCR), beause the thermostat is the system
with infinitely many degrees of freedom.
The main axiom of TFD omes in fat from the idea of the method of
quasiaverages: there is suggested that the original ground state |0〉 is unstable
relative to the perturbation reated by the thermostat. That's why it is
assumed that the average of the number operator of quasipartiles a˜+a˜ at
the temperature T 6= 0 over the original Fok vauum |0〉 is equal to the
average of the number operator of original partiles a+a at T = 0 over the
Gibbs distribution with temperature T 6= 0 , i.e. alulated in the framework
of quantum statistial mehanis:
〈0|a˜+a˜|0〉 ≡ Sp (a+ a ρ̂G) (35)
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where the density operator ρ̂G depends upon Ĥ = ~ω0(a
+a+ 1/2) .
From the axiommeant above it is not diffiult using the Eqs. (33) and (34)
to obtain the relation between the parameters of Bogoluybov transformation
and the temperature of the thermostat:
sinh2 τ =
1
exp ~ω0
kBT
− 1
=
1
2
coth
Dgen
Ddif
−
1
2
(36)
and analogously for cosh2 τ .
The obtained relation (36) allows to fix ultimately the quantity α , whih
defines the phase of the osillator wave funtion in CCS in the presene of
thermostat. If one puts ϕ = pi/4 in the general expressions for ∆q2 and ∆p2
and then use the Eqs. (36) and (23), one obtains
∆q2 =
l20
2
cosh 2τ =
Dgen
ω0
; ∆p2 = m2ω0Dgen; (37)
α = sinh 2τ =
1
sinh Dqu
Ddif
; σqp = mDquα =
mDqu
sinh Dqu
Ddif
= mDterm. (38)
It follows from these relations that for the osillator in TFD the SUR
possess the form of equality
∆p2∆q2 = σ2qp + c
2
qp = (mDterm)
2 + (mDqu)
2 = (mDgen)
2, (39)
what naturally orresponds to the limiting ases (12) and (20) (at the on-
dition α = 0 ).
It an also be shown that Wigner funtion in this ase is equal to the
following expression:
W (q, p) =
1
pi~
exp
{
−
[
q2
2∆q2
+
p2
2∆p2
]
coth
Dqu
Ddif
−
qp
∆q∆p
1
sinh Dqu
Ddif
}
.
(40)
This funtion is not multipliative in the arguments q and p what reveals the
mutual statistial dependene of these arguments, and it is this dependene
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whih leads to the orrelator σqp . Exatly the same result may be obtained
[24℄ in another way, namely by the diret aount for the interrelation be-
tween the operators b1 and b2 , whih arise due to the following fat: the
quasipartile vauum |0〉〉 ontains the ondensate onsisting from the pairs
of partiles.
Let us formulate some onlusions.
1. SUR (38) may be presented in the following form:
∆p∆q =
~
2
coth
~ω0
2kBT
≡
~
∗
2
. (41)
In other words, for the osillator in the thermostat the role of the effetive
quantum of ation plays the quantity ~
∗ > ~ , whih grows with growing
temperature. The limiting values of this quantity are ~ (at T → 0 ) and
2kBT/ω0 (at T ≫ 0).
2. The phase of the wave funtion for CCS of the osillator in the ther-
mostat depends upon the temperature
ϕdif = ϕ− ϕ0 =
q2
4∆q2
α =
q2
2l20
1
cosh Dqu
Ddif
. (42)
At T → 0 the phase ϕ → 0 (σqp → 0 ), at T ≫ 0 the phase ϕdif →
q2/2l20 6= 0 (σqp → mDdif = kBT/ω0 ). The last relation means that the role
of the phase of the wave funtion is preserved also in traditionally lassial
region thus ensuring the existing of the thermal diffusion in the lassial
limit.
3. In the given ase CCS is haraterized by the wave funtion and so this
state is a pure one; on the other hand, the parameters of this wave funtion
and the orresponding orrelator σqp depend upon the temperature and thus
reveal the presene of the thermal noise in this state [24℄. The alulation of
the entropy (defined aording to von Neumann) for the osillator in CCS
gives S = 0 at any temperature. This ontradition makes very atual the
question of the more orret definition of the entropy, whih should be able
to aount for the thermal noise in CCS.
4. For the subsequent generalization of thermodynamis it is useful to
introdue the notion of the generalized temperature [25℄. Let us define the
following temperatures
Tgen ≡ Tqu coth
Tqu
T
; Tqu ≡
~ω
2kB
. (43)
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Evidently, at high temperatures Tgen → T , but at T → 0 we have
Tgen → Tqu 6= 0, what orresponds to the generalization of the Third Law.
Note that Tqu is the harateristi of those mode of normal vauum vibrations
whih is in the resonane to the onsidered osillator.
5. It is interesting to ompare SUR "oordinate - momentum"with the
earlier obtained SUR "energy - frequeny"and "energy - temperature"for the
osillator in CCS in the thermostat, whih are expressed by the aid of the
generalized temperature [26℄
∆p∆q =
~
2
Tgen
Tqu
=
kB
ω
Tgen; (44)
∆ E∆
(
1
Tgen
)
= kB. (45)
Note that in Eq. (44) the quantities Tgen and Tqu relate to the surrounding
(i.e., the thermostat) and so don't flutuate. On the ontrary, in Eq. (45) all
quantities relate to the system and so do flutuate.
6. The omparison of the desriptions of the osillator in the thermostat in
the frameworks of the quantum statistial mehanis and TFD reveals that
the expressions for ρ(q) , ρ(p) , ∆q2 and ∆p2 in these theories oinide om-
pletely. However, the Wigner funtion and orrelators σqp in these theories
differ due to the differene of the definitions of the onjugate momentum; it is
just this differene whih leads to qualitatively forms of SUR. Note that this
differene is preserved also in quasilassial limit (~→ 0 ), what is important
for the theory of Brownian motion. Namely, it denotes that the traditional
opinion about the equivalene of the variants of this theory - i.e., based on
the Langevin equation (statistial mehanis) and based on the Einstein -
Fokker - Plank equation (GDT) - needs some orretions.
7. The analysis arried above has also shown that the further development
of TFD [23, 24℄ is the most perspetive diretion of searh for the effetive
generalization of thermodynamis on the quantum systems at ultralow tem-
peratures, where the role of both quantum and thermal flutuations beomes
signifiant. There is urgent need for the more onsistent spreading of the
seminal ideas of the quantum field theory on various thermal phenomena
and ideas of the thermodynamis on any quantum open systems. It an be
hoped that this way may just lead to the omplete realization of the onept
of the physis as a "single whole"siene.
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